This study compares the pathophysiology of normal and growth retarded human placental tissues. Female patients were recruited from the Antenatal Clinic of Dolu Specialist Hospital, Mafoluku, Oshodi, Lagos, between 2008 and 2012 . A total of 48 normal term placentas and 15 placentas of known IUGR cases were used for this study. IUGR cases were confirmed on the basis of ultrasound follow-up and diagnosis. Normal term placentas were collected at the point of delivery by a consultant gynaecologist, the cords were clamped, and membranes were then carefully trimmed after which each placenta was weighed. About 1 cm thickness of both normal and growth retarded placenta tissues was cut, processed for hematoxylin and eosin stain, while tissues for enzyme (ALP) assay were homogenized in cold 0.5 M sucrose solution. Comparative analysis of the data was done using ANOVA; < 0.05 was taken as significant. The photomicrographs were observed/studied under light microscope, using the X150 and X600 magnifications. It was revealed therein that placental tissues are homogenous (regionally), compromised of maternal spiral arterioles and deregulated villous vasculogenesis, and that there is a significant difference in the level of alkaline phosphatase enzyme. We therefore concluded that there is a distinct difference between the normal and growth retarded human placenta tissue.
Introduction
Human placenta, materno-fetal organ, binds two genetically distinct individuals, the mother and the fetus, and serves as an intermediary between maternal and fetal circulations. It is not merely a passive barrier between the maternal and fetal circulations but has many physiological functions, including the exchange of respiratory gasses, metabolites, nutrients, and waste products as well as the production of hormones and the metabolism of xenobiotics [1] .
The usual human term placenta is about 22 cm in diameter and 2.0 to 2.5 cm thick. It generally weighs about 475 g. However, measurements can vary considerably [2] . Placentas with less than 2.5 cm thickness are associated with intrauterine growth retardation (IUGR) of the fetus [3] . Placentas more than 4 cm thick have an association with maternal diabetes mellitus, fetal hydrops (of both immune and nonimmune etiology), and intrauterine fetal infections [4] . A welldeveloped placenta consists of a chorionic plate, which is of embryonic descent and of a basal plate whose essential layer is the decidua, a derivative of the endometrium. Between these two plates, there is a voluminous intervillous space [1] .
The examination of normal placentas and most abnormal placentas can be accomplished within one minute after delivery [2] . Universal examination of the placenta in the delivery 2 Physiology Journal room, with documentation of findings and submission of tissue for pathologic evaluation based on abnormal appearance or certain clinical indications, is a standard medical practice [5] .
ALP, a membrane biomarker and a moderator of cleavage in DNA, improves transport across cell membranes, which causes the dissociation of adenosine triphosphate (ATP) to adenosine diphosphate (ADP) and inorganic phosphate. This makes extra energy available for catabolic and anabolic processes [6] . It is also known that ALP hydrolyzes phosphatic esters in alkaline medium in the form of catalytic proteins found in body tissues [6, 7] . The human term placenta contains only traces of carbohydrate as reported by Kawasaki et al. [8] .
Indications for placental pathologic examination include a poor pregnancy outcome (prematurity, intrauterine growth retardation, prenatal death, and asphyxia), systemic maternal disorders, third-trimester bleeding, and evidence of foetal or maternal infection [5] . Investigations on the influence of smoking on placental morphology and function have begun to define the pathophysiological mechanisms involved. Ultrastructural changes including cytotrophoblast hyperplasia, thickening of the trophoblast basement membrane, and decreased capillary density at the terminal villi are believed to contribute to reduced placental nutrient and oxygen transfer [9, 10] .
Although placental weight and volume at delivery may be an important determinant of birth weight, both the pattern and rate of growth of the placenta throughout pregnancy are expected to be important contributors [7] . Incongruous controversial staining results are a common phenomenon in the placenta; methodical investigations are important to prevent researchers from obtaining misleading results [7] .
Apoptosis is a physiologic form of cell death and is important in the control of cell population. It plays key roles in the regulation of various physiological and pathological conditions, including vertebrate development, ovarian follicular atresia, immune disorders, and cancers [7, 11] . Apoptosis is present in the placenta throughout gestation, increases near the end of gestation, and is believed to be physiologically important for normal placental growth and development [12] [13] [14] . Increased trophoblast apoptosis has been documented in placentae growth-restricted foetuses, and maternal smoking is associated with decreased placental apoptosis at term [15, 16] .
Materials and Methods

Time Frame.
The fieldwork for this study was conducted during the period 2008-2012 at Dolu Specialist Hospital, Mafoluku-Oshodi, Lagos. A cross-sectional and follow-up approach was used [17] .
Specimen Collection.
Human term placentas were collected at the point of delivery by a consultant obstetrician and gynaecologist in our presence after the consent of the patient has been sought. Immediately after delivery, the cord was clamped and membranes were then carefully trimmed after which each placenta was weighed. 3 cm × 2.5 cm pieces of placenta (chorionic villous) were cut along its lateral diameter (3 o' clock position) after the membranes have been trimmed. A total of 48 normal placentas and 15 placentas of known intrauterine growth retardation cases were used for this study. IUGR cases were confirmed on the basis of ultrasound follow-up and diagnosis.
Approximately 26 mm piece of placenta was excised from the peripheral margin, midway between the maternal/foetal membrane for the normal control (Group A) and that of growth retarded tissues (Group B), after proper identification of the appropriate anatomical landmarks.
Before fixing the specimen, adequate amounts of formal saline (at least 10 times as much formal saline as placental tissue/volume) were used so that the fixative will overflow the tissue and allow proper fixation.
The morphology of the villi was observed; concentrated cell foci of syncytial knots and capillaries (sections) were counted and observed with ×150 and ×600 magnifications.
Quantitative Histochemical Assay.
The tissues placental cuts (3 cm × 2.5 cm) were weighed immediately, homogenized with an electronic blender before the use of a mortar and pestle in a cold 0.5 M sucrose solution. A solution of 10% (w/v) tissue concentration was made Matsubara et al. [7] The homogenate was centrifuged at 1000 rpm for 5 minutes, after which the supernatants were collected with Pasteur pipette for the assay [18] adopting standard spectrophotometric procedures [19, 20] . ALP kit used was purchased from Quimica Clinica Aplicada, Spain.
2.4.
Histopathology. Specimens were placed in labelled sterile bottles and immersed in 10% formal saline for 48 hours. These specimens were later processed for paraffin embedding; 3 m thick sections were made on rotary microtome for haematoxylin and eosin staining method [21] .
Statistical Analysis.
Statistical analysis was accomplished using the one-way analysis of variance (ANOVA) on the statistical software SPSS, version 17. Values were reported as mean ± SEM (standard error of the mean). The values below 0.05 were considered as significant.
Results
Histological observation showed that the basal plate (decidual tissue) had large number of cells with basophilic nuclei. There were variations in regard to tissue brightness (for collagen), but the morphological characteristics appeared the same among cells with different cytoplasmic darkness.
At lower magnification placenta from a full term foetus, Figure 1 illustrates huge numbers of villi in various planes of the section and varying in diameter from large main stem villi to very small terminal branch villi. The villous pattern is much more highly developed and the average villous diameter is much smaller, reflecting the extensive branching growth of the villi as the placenta enlarges. Note the large blood vessels within in the largest villi. A classical feature of the term placenta is the syncytial knot, where syncytiotrophoblast nuclei are aggregated together in clusters leaving zones of thin cytoplasm devoid of nuclei. The syncytiotrophoblast covered the terminal villi and the surface of the basal plate. At some places, the syncytial layer was discontinuous (Figure 2 ). Syncytial knots were recognized as uneven distribution of nuclei within syncytial trophoblast ( Figure 3 ). In the deep part of the basal plate in IUGR placenta, there was uteroplacental vein surrounded by extravillous cytotrophoblast in the left lower quadrant (Figure 4) .
The level of activity of alkaline phosphatase (ALP) was higher (556.16 ± 0.81) in the growth retarded placenta group (Group B) when compared with (39.48 ± 0.92) the normal term placenta group (Group A). This difference was statistically significant at < 0.05, even at < 0.00 (Table 1 and Figure 5 ).
Discussion
The trophoblast is reduced to a thin layer of syncytiotrophoblast only and the capillaries tend to be located in the periphery of the core. The diffusion barrier between maternal and fetal circulations comprises five layers, namely, trophoblast, trophoblast basement membrane, villous core supporting tissue, capillary endothelial basement membrane, and endothelium. In many cases, fetal capillaries are so close to the trophoblast that their basement membranes fuse, reducing the diffusion barrier to only three layers. Diverse number of stimuli and mediators are likely to contribute to the observed injury to the chorioallantoic villi but oxidative stress is high on the list as an injurious agent [22] . A recent landmark report shows that the placentas of pregnancies with IUGR exhibit overt signs of oxidative stress, with reduced protein translation and reductions in key signaling proteins pathways [23] . Greater injury of the villous trophoblast layer as described here will without doubt reduce the functional mass of the syncytiotrophoblast in microsomic and growth retarded so as to mediate nutrient transport between the mother and foetus. This is the main reason for the stunted growth as proven in Figures 2 and 4, Table 1 , and Figure 5 .
Without epithelial injury, change in the normal balance of proliferation, differentiation, and possibly apoptosis during the villous trophoblast life cycle will also limit the functional mass of placental trophoblastic-surface villi. Rise in cellular cytotrophoblast compensatory proliferation in IUGR is not recorded despite apoptic turnover of the trophoblast layer. Apparent microscopic injury has functional effects on placental permeability; large molecular weight compounds will be restricted from passing between the maternal and foetal layers, that is, without intervention of cytoplasmic syncytiotrophoblast. Apoptosis is regulated at many levels. Cultured trophoblasts exposed to hypoxia showed a compensatory regulation of enzyme activity [24, 25] . Our study has demonstrated the overall increase of syncytial knots being significantly higher in the syncytial membrane ( Figure 3 ). There are a number of important factors that should be considered in interpretation and analysis of these results. Syncytial knots formation is upregulated by intraplacental hypoxia and downregulated by increasing intraplacental oxygen levels [26] .
A strong activity of ALP was observed in growth retarded placental tissues (Table 1 and Figure 5 ) which were higher than what was observed in the normal term placental tissues. It is not quite clear why alkaline phosphatase levels become elevated in pregnancy; Wilshaw and Moloney [27] suggested that the enzyme is involved in glycogenesis, to meet demands of intrauterine development and nucleic acid formation.
It is conceivable then that higher ALP levels in growth retarded placental specimen are associated with greater need for glycogen synthesis and nucleic acid synthesis in the pregnant mother in order to meet the demands of fetal development in growth restricted cases. ALP activity plays an essential role in nutrient (glucose and albumin) supply to the fetus.
Activation of alkaline phosphate by Mg 2+ and its inhibition by Zn 2+ in term human placenta support the findings of Sugiura et al. [28] and Matsubara et al. [7] . The present study is in agreement with that of placenta-like alkaline phosphatases from human osteosarcoma cells [29] , but in contradiction with other works [30] .
Clarifying the role of complement activations in pregnancies complicated by IUGR and in placental dysfunction generally will lead to new approaches to the treatment for IUGR, as therapeutic options to modulate complement receptors and complement activity are on the horizon.
Conclusion
Histopathological studies of the placenta in IUGR indicate that abnormalities of the maternal spiral arterioles, dysregulated villous vasculogenesis, and abundant fibrin deposition are characteristics in IUGR as reported by Redline [31] . This result leads to the conclusion that disease process which depends on a reduction in the maternal blood affects those parts of the organ furthest from the origin of the blood supply, that is, the periphery of the placenta. In IUGR cases, the terminal villi, syncytial knots, and capillaries were in the central region as opposed to the peripheral region. The precise mechanisms underlying structural, molecular, and cellular aspects during organogenesis only recently have begun to be studied.
Therefore, the study of placental cells after gestation can provide important information about the pathophysiology of many syndromes that occur in pregnancy.
